Eight different hybridoma cell lines producing monoclonal antibodies against the major antigens of human adenovirus type 5 have been obtained. They were selected by screening initial hybridomas by the fluorescent antibody technique followed by radioimmune precipitation and they reacted with hexon, penton, fibre and 100K polypeptides. Five apparently different epitopes against the hexon antigen were detected showing a spectrum of activity against the hexons of other serotypes, suggesting that the hexon contained a variety of subgroup specificities as well as the previously described group and type specificities.
INTRODUCTION
The introduction of the technique for preparing monoclonal antibodies by fusion of spleen cells derived from immunized mice with murine myeloma cells (Kohler & Milstein, 1975 , 1976 has added a powerful tool for the antigenic analysis of virus-coded proteins. Appropriate monoclonal antibodies should find application in many aspects of ongoing basic research with adenoviruses and should be useful as diagnostic reagents particularly since adenoviruses elaborate a complex series of antigens having group, subgroup and type specificities (Ginsberg, 1979) .
This communication describes the immunization, screening and cloning procedures used to prepare a number of hybridomas reacting against the major antigenic components of human adenovirus type 5. A preliminary characterization of these hybridomas indicated that they elaborate antibodies against the three major adenovirus capsid antigens as well as the major late 100K non-structural polypeptide. A number of different hexon epitopes as well as those present on the penton base and fibre polypeptides can be readily distinguished using both cell culture supernatants and ascitic fluids.
METHODS

Virus and cells.
Preparation and purification of human adenovirus type 5 (Ad 75) has been described previously (Russell et al., 1967; Winters & Russell, 1971) . Virus was produced in KB cells grown in suspension and labelling of infected cells was carried out in HeLa cell monolayers as outlined previously (Russell & Blair, 1977) . Adenovirus types 1, 2, 3, 4, 6, 8, 12 (Huie) and 14 were used in some experiments and were grown in an identical manner to type 5. Murine myeloma cells were NS1-Ag4-1 (NS1) and P3/X63/Ag8 (X63) obtained originally from Dr R. G. Webster. They were grown in H21 medium (Gibco) with 20 % foetal calf serum, penicillin and streptomycin.
Thymocytes. These were obtained from 6-to 8-week-old mice by mincing the thymus followed by gentle disruption using a loose-fitting Dounce homogenizer. Crude debris was removed and the cells resuspended in H21 medium at a density of 1 x l0 s cetls/ml.
Production of hybridomas.
Spleens from immunized animals were disrupted by utilizing a loose-fitting Dounce homogenizer and after removal of debris and washing, the cells were suspended in saline at a concentration of 107 cells/mE Meanwhile, the myeloma cells which had been growing in the exponential phase were washed and resuspended in PBS at a concentration of 107 cells/mE For fusion the technique described by Fazekas de St Groth & Scheidegger (1980) was followed, namely 5 ml myeloma cell suspension was mixed with 2 ml spleen cell suspension in a plastic centrifuge tube and the cells pelleted together by centrifugation (200 g, 10 min). After removal of the supernatant, fusion was initiated by adding 1 ml 50 % polyethylene glycol (PEG) 4000 (Serva) in saline slowly over 1 min and then transferring the centrifuge tube to a 37 °C water bath for 90 s. The fusion was stopped by slowly adding 20 ml saline over 2 min and then allowing the tube to stand at room temperature for a further 5 min. The cells were then pelleted (200 g, 10 min), washed and resuspended in 12 ml HAT medium [H21 medium containing 0.1 mM-hypoxanthine (H), aminopterin at 0.4 ~M (A), thymidine at 16 pM (T), 20% heat-inactivated foetal calf serum and antibiotics]. Fifty/~1 amounts were then distributed into the wells of a 96-well plastic tissue culture tray (Linbro) which had previously been seeded with 50 /A HAT medium containing peritoneal macrophages at a concentration of 5 x 10 ~ cells/ml. The cultures were then inspected 7 to 10 days later and those wells which showed growth of cells (generally indicated by acid production) were fed as appropriate with fresh HAT medium, in some cases by removal and replacement of medium. At this stage the culture supernatants were screened for the secretion of adenovirus immunoglobulins by the fluorescent antibody technique (see below) and those cultures scoring positive were transferred to 24-well plastic trays (Linbro), previously seeded with peritoneal macrophages, and then cultured in HT medium. The supernatants from these cultures after 3 to 5 days were again screened, this time by immune precipitation of 3SS-labelled infected cell extracts (see below) and those cultures of interest were cloned by limiting dilution on feeder cells of mouse thymocytes (Lostrom et al., 1979) in 96-well trays using H21 medium with 20% heat-inactivated foetal calf serum. The cells derived from wells showing growth of single colonies were transferred to 24-well and then to 6-well trays and were again screened both by fluorescence and immunoprecipitation. Those clones which still retained their production of specific antibodies were then further amplified before storage in liquid nitrogen and passage as ascites in mice. cells in 0.5 ml PBS. Approx. 3 to 5 ml ascitic fluid would normally be tapped from the abdomen some 10 to 14 days later. Ascitic fluid was clarified by centrifugation (1000 g, 10 min) and 0-2 ml amounts stored at -20 °C.
Fluorescent antibody screening procedures. HeLa cells were grown on PTFE multispot microscope slides each containing 12 mini wells (Hendley, Essex, U.K.) and were infected with adenovirus at an added multiplicity of approx. 50 p.f.u./cell. After incubation at 37 °C for 15 to 18 h the infected cells were washed in PBS, fixed in cold acetone, air-dried and stored at -20 °C. For screening, one drop of supernatant tissue culture was spotted on to each mini well and after incubation at 37 °C in a humidified atmosphere for 30 rain the slide was washed thoroughly in PBS and 1 drop of a 1 in 16 dilution of fluorescein-conjugated anti-mouse globulin (Boroughs Wellcome) added to each mini well. After incubation and washing as above the slides were then examined in a fluorescence microscope for specific fluorescence using appropriate positive and negative control mouse sera (Hayashi & Russell, 1968) .
Immune precipitation screening procedures. Labelling of infected and uninfected cells with [35S]methionine was carried out as described previously (Russell & Blair, 1977) . Labelled extracts were obtained (Ross et al., 1980) by resuspending washed cell pellets (5 x 106 cells) in 250/A lysis buffer [20 mM-tris-HC1 pH 7.6, 0.15 M-NaC1, 5 mM-EDTA, 0.5% Nonidet P40 (NP40), 0.1 mM-phenylmethylsulphonyl fluoride (PMSF)] and disrupting by a probe sonicator (MSE) for 2 s. An equal volume of high salt buffer (20 mM-tris-HC1 pH 7.6, 1.25 M-NaC1, 5 mM-EDTA, 0.5 % NP40) was added and after centrifugation (10000 g, 10 min) in an Eppendorff centrifuge the supernatant was used for immunoprecipitation. Normally, about 20 pl labelled extract was mixed with 50 pl tissue culture supernatant (or ascites fluid dilution) and after incubation at room temperature for 30 min, formalin-fixed staphylococcus A was added (Kessler, 1975) and kept at 4 °C for at least 30 rain before being pelleted (10000 g, 2 rain) and then washed three times with washing buffer (20 mM-tris-HC1 pH 7.6, 0.15 M-NaC1, 5 mM-EDTA, 1% NP40, 10% sucrose) using the Eppendorff centrifuge. The final pellet was resuspended in SDS buffer (80 mM-tris-HC1 pH 6.8, 2% SDS, 0.1 mM-dTT, 10% glycerol, 0.04% bromophenol blue) heated in a boiling water bath for 2 min, the Staphylococcus A pelleted and the supernatant analysed on a 25-slot slab polyacrylamide gel electropherogram (PAGE). Electrophoresis, drying and autoradiography were carried out as previously described (Russell & Blair, 1977) . Purified adenovirus type 5 used as a marker was iodinated in vitro using the BoRon-Hunter reagent (Rekosh et al., 1977) .
Virus neutralization. Fifty/.tl amounts of virus suspension containing about 10 p.f.u, were incubated with equal volumes of tissue culture supernatants (or dilutions of ascitic fluids or sera) overnight at 4 °C in 96-well tissue culture trays. A suspension of 100/11 of HeLa cells at 4 x 105 cells/ml was then added to each well and the tray incubated at 37 °C in a humidified incubator in an atmosphere of 5 % CO2. The cells were fixed and stained after 3 days. The endpoint was assessed as that dilution of antibody which inhibited plaque formation by 50%. A rabbit anti-hexon serum with a neutralization index of approx. 1/1024 was used as a control.
Haemagglutination. This was carried out using rat and monkey erythrocytes as described previously (Russell et al., 1967) .
Complement fixation and radial diffusion tests. These tests performed with extracts of infected cells have also been described in previous publications (Russell et al., 1967 (Russell et al., , 1972 .
Determination of hybridoma antibody class. A 250 pl amount of ascites fluid was placed on a column of protein A-Sepharose (Pharmacia) packed in a 1 ml plastic syringe barrel and after washing in phosphate buffer (0.1 M, pH 7.8) the bound immunoglobulin was eluted by adding 1 ml 50 mM-glycine-HC1 buffer pH 3.2 and collecting 10-drop fractions in 500/11 100 mM-tris-HC1 buffer at pH 8.6. The protein elution profile was monitored by u.v. light and an approximate estimation of the protein content was made by measuring adsorption at 280 nm in relation to a standard solution of bovine serum albumin. The eluted immunoglobulin was then dialysed against 50 raM-sodium borate buffer pH 8.6 and iodinated with ~25I-labelled Bolton-Hunter reagent (50 /tCi of reagent with 250 ~tg immunoglobulin in 500 #1) as described previously (Rekosh et al., 1977) and the iodinated immunoglobulin finally purified by gel filtration on a minicolumn of G-50 Sephadex. Immunoprecipitation of 50 pl amounts of the iodinated immunoglobulin was carried out by adding 5 Itl (or appropriate dilutions) of rabbit antisera against mouse IgG 1, IgG2a, IgG2b and IgG3 (Bionetics Laboratory Products and Miles Laboratories) and incubating at room temperature for 30 min in small plastic conical tubes. Immunoprecipitation was facilitated by adding goat anti-rabbit globulin and after centrifugation at 10000 g for 5 min in an Eppendorff centrifuge the proportion of the total radioactivity which had been precipitated was assessed in each case. In some situations the pellets were further analysed by SDS-PAGE as described above.
Competition assay. Small (6 × 35 mm) plastic tubes were pretreated by filling with 20% calf serum in PBS and incubating at 37 °C for 2 h, followed by washing three times in PBS. Adenovirus 'soluble' antigens were dialysed against PBS at a concentration of 10 mg/ml and clarified by centrifugation for 15 rain in an Eppendorff centrifuge. Twenty pl amounts of the antigens were then dispensed into the plastic tubes followed by 20 pl dilutions of purified unlabelled immunoglobulin in PBS and PEG 6000 to a final concentration of 0.3 % (Catty & King, 1974 ) and incubated at 37 °C for 2 h. Purified immunoglobulins iodinated as described above (at approx. 1 mg/ml/1 x l0 s ct/min) were diluted and 20 pl amounts added to each tube (5 × 104 ct/min) and incubated for a further 2 h at 37 °C. The tubes were then centrifuged for 5 min in the Eppendorff centrifuge, supernatants carefully removed and the tubes filled with PBS and again centrifuged for 2 min. After removal of the supernatants the precipitated radioactivity was measured. Radiochemicals were obtained from The Radiochemical Centre, Amersham.
Nomenclature. The terminology proposed by Ginsberg et al. (1966) for the major capsid components (hexon, penton, fibre) and for other structural components and infected cell polypeptides by Anderson et al. (1973) is used in this communication. The hybridomas are initially described in terms of arbitrary numbers assigned to the fused minicultures. The second group of numbers have been added where the original culture has been cloned and represents the cultures derived by amplification. The prefix 'v' is used where the hybridomas have been derived from spleens obtained from mice immunized with purified virus.
RESULTS
Optimum conditions for production of adenovirus hybridomas
A number of fusions were carried out utilizing spleens derived from mice immunized with both purified live virus and 'soluble' antigens, and although the sera from the immunized mice elaborated antibodies reacting in both immunofluorescence and radioimmune precipitation, the number of positive hybrid cultures obtained was disappointingly low and even these were relatively unstable. It was only when the antigen was presented in the form of alum precipitates that a reasonable number of hybrid cultures reacting positively in immunofluorescence were obtained. Further significant improvements were noted when mouse macrophages were utilized according to the procedures recommended by Fazekas de St Groth & Scheidegger (1980) (see Table 1 ). The fluorescence screening procedure was both sensitive and rapid and the ability to characterize the antigens in terms of morphology and cell distribution added further parameters to the surveillance (Table 1, Fig. 2 ). A variety of systems of cloning the hybrid cell cultures were examined (e.g. cloning on sloppy agar) but the technique of limit dilution on feeder layers of mouse thymocytes gave the most satisfactory results especially when allied to the fusion procedures outlined above. 
Preliminary characterization of hybridomas
Immunoprecipitation of 3SS-labelled extracts of infected cells was used early in the surveillance procedure to identify which of the cultures positive by immunofluorescence would be of most interest and hence worthy of amplification and cloning. Fig. 1 (640) + ( various virus antigens could be detected. It was of interest that most of the cultures positive by fluorescence were also positive in immunoprecipitation although the latter method (since it involved the use of Staphylococcus A protein) would detect mainly IgG classes (Goding, 1978) . It was also evident that some supernatants apparently contained a number of different antibodies, although experiments on cloned hybridomas (see below) showed that labelling conditions were important in defining the antigenic structures precipitated.
Cross-reactivities with other adenoviruses
Following the cloning procedures, eight cloned hybridomas were selected for further, more intensive studies and particularly for their ability to cross-react with other adenovirus serotypes. Five of these clones appeared to react against the hexon polypeptide, one against the 100K non-structural polypeptide and the remaining two against penton base and fibre polypeptides.
After cloning, the hybridomas were again characterized both by the fluorescent antibody (Fig. 2) and immunoprecipitation techniques using cells infected with adenoviruses representative of the various antigenic subgroups. Thus, types I and 2 viruses are members of the same subgroup as type 5 (group C) whereas types 3 (group B) and 12 (group A) belong to different subgroups (Green et al., 1979; Wadell, 1979) . In this way, type, subgroup and group epitopes associated with the virus polypeptides could be recognized. At this stage a number of the positive clones were then further amplified by inoculation into pristane-primed mice and the production of ascites. Typical autoradiograms illustrating the spectrum of reactivity of the ascitic fluids are shown in Fig. 3 . It should be noted that the relative apparent mol. wt. of the hexon polypeptides of the different serotypes in these experiments are consistent with those described in previous publications (Russell & Skehel, 1973; Wadell, 1979) . On the whole, the fluorescent antibody (FA) technique gave a much sharper distinction between subgroup and group specificities (as demonstrated by the ability to stain type 3-and type 8-infected cells) (Table 2) whereas the immunopre.cipitation method showed a marked gradient in the abilities to precipitate hexon polypeptides of different serotypes (Fig.  3b) . Thus, while clone 75 was capable of reacting with types 5, 2, 3 and 12 (i.e. reacting group specifically) both clones 24 and 105 showed much less propensity to react with types 3 and 12 with 24 having a significantly broader spectrum of reaction than 105. It was also noted that the relative reactions with types 2 and 5 hexon polypeptides were different with these two clones. This spectrum of activity did not appear to be a function of the dilutions of the ascitic fluids (data not shown). Thus, on the basis of the immunoprecipitation tests, both clones 24 and 105 reacted with subgroup specificity but were clearly detecting different epitopes. On the other hand the F A tests with these two clones with type 5-infected cells (Fig.  2) showed only very slight differences in the patterns of fluorescence. However, the clones did show quite different fluorescent staining patterns when type 2-infected cells were utilized (Table 2) .
In the immunoprecipitation test clone 48 reacted principally with type 5 labelled extracts, the faint reaction with type 2 not being noted in the F A tests (Table 2 ) (namely reacting apparently in a type-specific manner). Surprisingly, however, clone 48 reacted in the F A test with cells infected by both types 1 and 6 (the other members of group C) and this was later confirmed by immunoprecipitation tests using [3~S]methionine-labelled type 1-infected cell extracts (data not shown). Thus, this clone reacted with an epitope available in cells infected by all members of the subgroup with the exception of type 2, thus further subdividing this group. Clone V 10 (derived from mice immunized with purified virus) reacted type specifically w.c. RUSSELL AND OTHERS in both the immunoprecipitation and FA tests (Fig. 3 a, Table 2 ). It is interesting also that clones V10 and 48 gave quite different fluorescent patterns (Fig. 2) . Although they both shared a predominantly cytoplasmic location, the V l0 always gave a very diffuse distribution of antigen in comparison to the 48 which was much more discrete, often in the form of cytoplasmic rings.
The 199 series showed an ability to immunoprecipitate the 100K non-structural polypeptide of both type 2-and type 5-infected cells (Fig. 4) but not type 3 (data not shown), often in close association with hexon polypeptide. This subgroup-specific reaction was confirmed by the FA test (Table 2) .
The remaining two clones, 266 and V3 (the latter derived from mice immunized with purified virus) reacted with the penton complex, the 266 series clearly preferentially precipitating the penton base polypeptide in a subgroup-specific manner (Fig. 4) while clone V3 reacted with fibre polypeptide type specifically (Fig. 3a) . In analysing the antigenic specificities of the latter two clones it was noted that the radioactive labelling conditions were important in locating the epitopes concerned. Thus, Fig. 5 shows that clone V3 immunoprecipitated mainly fibre polypeptide when the label was acquired over a 30 min pulse period. When this label was chased for 4 h penton base and hexon polypeptide were also precipitated. Presumably the epitope is available in newly completed fibre polypeptide in the nucleus (Table 5 ) and is later associated in a complex with penton base and hexon which is stable to the disruption procedures employed. The 199, 266 and V3 series were all subjected to rigorous cloning procedures and all positive clones reacted in the complex manner described above (e.g. Fig. 4) , suggesting that the results did not arise as the result of the presence of multiple antibodies with different specificities.
Other properties of the ascitic fluids
The eight cloned hybridomas were propagated further as ascites by peritoneal inoculation into mice previously primed with pristane. This procedure considerably enhanced the yield of immunoglobulin from a given hybridoma cell line (data not shown). The immunoglobulins were purified from the ascites fluid by chromatography on protein A-Sepharose, about 20 to 50% of the total protein being bound to the column and on elution giving a polypeptide profile after SDS-PAGE characteristic of heavy and light immunoglobulin chains (see Fig.  6 ). The purified immunoglobulins were then iodinated in vitro using the Bolton-Hunter reagent and immunoprecipitated with antisera against the various subclasses of mouse immunoglobulin. By calculating the proportion of radioactivity precipitable by these antisera it was possible to define the class of antibody secreted by the hybridomas (Table 3) . The purification and precipitation of the immunoglobulins was also monitored by SDS-PAGE in some cases (Fig. 6) . Table 3 shows that all the clones with the exception of V 10 elaborated antibodies of the IgG1 subclass. In the case of V10 the immunoglobulin released was of the IgG2a subclass. All of these clones with the exception of the V3 series were derived from the NS 1 myeloma cells which only synthesize intracellular K chains (Kohler & Milstein, 1976) . The V3 series had the X63 cells as their original myeloma parent and as these excrete IgG1 immunoglobulin (Kohler & Milstein, 1975) it might therefore be expected that a more complex situation would exist in this case. Indeed, Table 3 suggests that an IgG2a subclass immunoglobulin might also be present in this ascitic fluid.
Competition studies
The purified iodinated immunoglobulins described above could also be precipitated under the appropriate conditions on incubation with adenovirus soluble antigens and a number of experiments were carried out to ascertain if precipitation could be inhibited by the addition of unlabelled heterologous immunoglobulins. Thus, Fig. 7 shows that while unlabelled V 10 IgG (1) and immune precipitates after reaction of same with antisera against mouse 7s fraction (2), mouse IgG 1 (3), IgG2a (4), IgG2b (5) and IgG3 (6). 
Other properties of the monoelonal antibodies
None of the antibodies secreted by the hybridoma clones was able to neutralize virus infectivity by the standard test. Various combinations of the antibodies were also tested for their abilities to neutralize virus and these were equally unsuccessful. Similarly, the antibodies in association with 'soluble' antigens failed to fix complement. However, the V3 hybridoma (reacting against fibre antigen type specifically by fluorescence and immunoprecipitation) was able to inhibit haemagglutination by extracts of type 5-infected cells up to a titre comparable with that found by a fluorescent antibody titration. Inhibition was also observed of types 1, 2 and 6 (all members of group C)-and of types 3 and 10 (group B)-infected cell haemagglutination. None of the other hybridomas inhibited haemagglutination (Table 4) . This rather unexpected result indicated that this antibody reacted in a group-specific fashion in this particular procedure. In a series of tests it was shown that only the 199 clone (reacting against 100K polypeptide) gave a zone of precipitation in radial diffusion against 'soluble' antigens. Monoclonal antibodies against the major structural components of human adenovirus type 5 have been obtained (Table 5 ). Our initial attempts to prepare hybridomas were relatively unrewarding until we immunized mice with alum-precipitated antigens. Mautner & Willcox (1974) had also found that the immunogenicity of purified hexon and fibre antigens was significantly enhanced by alum precipitation. Presumably better activation of the appropriate B cell spleen population was achieved by presentation of the antigen in this form. Further improvements in our results were evident when we incorporated mouse macrophages (Fazekas de St Groth & Scheidegger, 1980) into the fused cultures. We also found that screening by the fluorescent antibody technique was both effective and rapid although by using only infected cells in the initial screen a few apparently cell-associated hybridomas were selected. However, by utilizing the immunoprecipitation step with Staphylococcus A at a very early stage after the initial selection it was possible both to discard the apparently cellular antibodies and select those antiviral activities which were worthy of further attention and which would be of the IgG class. This immunoprecipitation step was practicable at this early stage because it was relatively easy to obtain P~S]methionine-labelled extracts of high specific activity which contained mainly the antigens of interest and which therefore would be precipitable by the very small amounts of antibody released from the micro-cultures. In contrast, hybridomas against other antigens (e.g. adenovirus 'early' antigens) which were not so effectively labelled may not be selected by this procedure. Indeed, in some early experiments it was found that utilizing cells infected with virus in the presence of cytosine arabinoside, the fluorescent antibody technique was able to select some hybrid cultures (derived from spleens from virus-infected mice) that elaborated antibodies against 'early' antigens. Unfortunately, these cultures proved unstable and on cloning were lost.
It was of some interest that at least five apparently different epitopes associated with the hexon antigen were detected. It has been established for some time that the hexon has associated group and type specificities and although subgroup specificities were suspected on the basis of adsorption experiments (for review, see Norrby, 1969) this is the first clear demonstration of their presence. The gradient of interaction of the 24, 105 and 48 clones with the different serotypes also suggests that further interrelationships between hexons of different serotypes could be established by isolation of more hybridomas from type 5 and other types of adenovirus. It also seems possible that further subdivision of the various adenovirus types w.c. RUSSELL AND OTHERS could be achieved since the type-specific clone, V10, isolated here is clearly recognizing a different epitope from those associated with the type-specific antigens previously recognized. Thus, the V10 clone does not neutralize and reacts with a cytoplasmic site (Fig. 2e, Table 5 ); type-specific antigens have previously been demonstrated (Norrby & Wadell, 1972) at the surface of virions and these would therefore be expected to be primarily nuclear in location and presumably related to neutralization. Indeed, type-and group-specific hexon antibodies have been separated from a rabbit antiserum prepared against crystalline hexon (Haase & Pereira, 1972) and the type-specific component neutralized virus infectivity very effectively. It is also noteworthy that all of the five hexon hybridomas selected at random in these experiments were apparently different and indeed the only other hexon hybridoma available, a group-specific hybridoma derived from adenovirus type 2 (Cepko et al., 1981) , was different in its nuclear location from the epitope defined by the 75 clone described here (W. C. Russell et al., unpublished observations) . Clearly, many other hexon epitopes can be expected from further hybridization experiments.
It is also rather surprising that all the hexon hybridomas selected here reacted principally against cytoplasmic epitopes. This could conceivably result from the initial selection by the fluorescent antibody in which cytoplasmic staining epitopes might conceivably be easier to detect. The epitopes could then be partially concealed as the hexon polypeptide matures in its passage into the nucleus.
From the above it is evident that anti-hexon hybridomas could prove to be very valuable tools in diagnostic virology facilitating rapid typing of virus and perhaps allowing finer discrimination of types in association with particular disease syndromes. Continuing studies in this direction are contemplated. The hybridomas should also be useful in probing the various configurations which the hexon can assume in its passage from the cytoplasmic polyribosomes to the mature virion (see Ginsberg, 1979) .
It is pertinent to point out that the hybridomas described in this paper, since they were selected primarily by the fluorescent antibody technique, are of diagnostic value mainly utilizing this technique. Both complement fixation and neutralization (techniques currently useful in diagnostic virology) were not demonstrable by these hybridomas. Haemagglutination inhibition by clone V3 could, however, be of some value. The ability of this particular hybridoma to block haemagglutination by other members of different groups was unexpected in view of the apparent type specificity of the hybridoma in fluorescent antibody and immune precipitation tests. Presumably the avidity of the antibody for the heterotypic epitopes was too low to survive the washing procedures inherent in the fluorescent antibody and immune precipitation techniques. However, we have not studied this hybridoma in greater detail since we have been unable to revive these particular cells from our deep freeze stocks.
The inability of clone 266 to interact with type 3 virus-infected cells and thus is of a subgroup specificity suggests that the epitope concerned is not the one related to haemagglutination enhancement by all human adenoviruses which should have group specificity (Norrby, 1969) . It will be of interest to ascertain if this hybridoma can inhibit the cell detaching activity associated with penton base (Russell et al., 1967) .
The selection of the 199 clone is probably a reflection of the availability of the 100K non-structural polypeptide in the 'soluble' antigen preparation and of the fact that it is a major late antigen welt labelled in the 35S-labelled extract (see Fig. 3 a) used in immunoprecipitation. In these studies the 100K epitope behaved with subgroup specificity and the availability of the clone should facilitate studies into the function of this polypeptide. It was also unexpected that all of the hybridomas derived from the soluble antigen immunization appeared to elaborate antibodies of the IgG 1 class, particularly since this class of murine immunoglobulin has been reported to bind only weakly to staphylococcal A protein (Goding, 19'78) . Nevertheless, it is apparent from the procedures used in purifying the immunoglobulin that there is demonstrable binding to protein A-Sepharose at pH 7.8 (Fig. 6 ). In addition, the inability to fix complement is also explicable on the basis of the IgG1 classification (Spiegelberg, 1974) , although this does not explain the failure of the V3 clone (of the IgG2a class) to react in this technique. Table 6 summarizes the properties of the monoclonal antibodies described here and for ease of reference they have been redesignated in terms of the serotype of' the adenovirus used as immunogen as well as of the antigen against which it is directed. As more hybridomas become available it may well become apparent that other and different descriptions may be necessary.
While this work was in progress similar research was being undertaken on the closely related adenovirus type 2 (Cepko et al., 1981) . In these studies clones were isolated which released antibodies reacting against hexon (group), 100K, penton base, fibre (type) and protein IX antigens. In agreement with our investigations none of the type2 hybridomas was capable of neutralization and none of them produced positive reactions in double-diffusion tests.
It is evident from these preliminary investigations that the production of hybridomas eliciting monoclonal antibodies against adenovirus antigens will provide valuable additional tools to facilitate both the diagnostic and research aspects of the virology of adenoviruses.
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